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SVSTEM and Mkthod Fan Managing Avah aw e Uplink Transmit Powf.p 

FIELD OF THE INVENTION 

The present invention relates to the field of power control in wireless systems. More 
specifically, the present invention relates to determining at a base station estimates of the available 
uplink transmit power for each subscriber station communicating with that base station. 

BACKGROUND OF THE INVENTION 

In wireless networks, comprising at least one base station and a plurality of subscriber 
stations, where the network is subject to thj2ff 'near-far" problem and/or the like, the base station is 
preferably involved with the management of the transmission power levels of each subscriber 
station. In general, permitting a subscriber station to transmit with more power allows that 
subscriber station to achieve a higher data rate, but can also interfere with the transmissions of other 
subscriber stations. The tradeoffs between overall network efficiency versus performance of a 
-particular subscriber station need to be carefully managed. 

In addition to network limits, each subscriber station is limited in its own maximum uplink 
transmit power by regulatory and/or hardware limits. If a subscriber station transmits at an uplink 
transmit power level higher than its rated uplink transmit power, non-linear effects in the 
transmitter's power amplifier can produce errors in the channel. Additionally, for health and safety 
reasons and for regulatory reasons to minimize adjacent channel interference, wireless devices are 
restricted in the amount of power that they can transmit with, and this amount is typically less than 
the maximum possible output of the subscriber station's power amplifier. For example, a fixed 
wireless transmitter operating at 1 .9 MHz may be restricted, by regulation, to a maximum uplink 
transmit power of 30 dBm. As known to those of skill in the art, specialized circuitry in the 
subscriber station's power amplifier, typically referred to as "foldback circuitry", is often employed 
to limit outputted power and prevent the subscriber station from transmitting over-specification 
and/or outside of regulatory limits. 

When the base station is responsible for admitting subscriber stations to a higher data rates, 



WO 2004/109950 



PCT/CA2004/000816 



-2- 

the base station needs to know how much available uplink transmit power (i.e., the difference 
between the maximum uplink transmit power and the current average uplink transmit power) is 
available for each subscriber station. The base station does not want to assign a data rate to the 
subscriber station that the subscriber station is unable to achieve due to an insufficient amount of 
5 available uplink transmit power. The base station can make an estimate of available uplink transmit 
power for a subscriber station by receiving reports of the current uplink transmit power uplink 
transmit power from that subscriber station. However, this estimate may not be accurate due to 
variations in the subscriber station's measurement due to operating temperatures in the circuitry, a 
lack of, or limited, calibration of circuitry in the subscriber station. Due to these inaccuracies, the 

10 base station may perceive that a subscriber station has more available uplink transmit power than is 
actually the case. As such, the base station may attempt to admit the subscriber station to a higher 
uplink data rate, requiring a higher uplink transmit power than the subscriber station can actually 
support, resulting in channel errors and a waste of network capacity. 

To prevent this problem from occurring, it is typical to provide an uplink transmit power 

1 5 margin to the estimate of available uplink transmit power to account for variances in each 
subscriber station. However, providing too large an uplink transmit power margin results in a 
potentially lower maximum data rate for the subscriber station, while providing too small an uplink 
transmit power margin can result in communication link errors and a waste of network capacity. As 
such, it is desired to provide a system and method to determine more accurately the amount of 

20 available uplink transmit power available to a subscriber station in order to assign data rates to that 
subscriber station. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel system and method for managing 
uplink transmit power that obviates or mitigates at least some of the above-identified disadvantages 
of the prior art 

According to a first aspect of the present invention, there is provided a method of 
determining at a base station an estimate of the maximum available uplink transmit power of a 
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subscriber station having a radio including foldback circuitry and maintaining that estimate at the 
base station, the method comprising: 

transmitting a message from the subscriber station to the base station whenever an incident 
of foldback occurs at the subscriber station; 

decreasing the maintained estimate of the maximum uplink transmit power of the subscriber 
station at the base station when the base station receives the message from the subscriber station; 
and 

increasing the maintained estimate at the base station when a predefined period of time has 
lapsed after the base station received the message. 

According to another aspect of the present invention, there is provided a system for 
transmitting data comprising: 

a plurality of subscriber stations each operable to transmit a message indicating an incident 
of foldback in the subscriber station; and 

a base station operable to maintain an estimate of the maximum available uplink transmit 
power for each the subscriber station and to receive any the messages from the plurality of 
subscriber stations and to reduce the maintained estimate for each the subscriber station which has 
sent any the message. 

According to another aspect of the present invention, there is provided a system for 
transmitting data comprising: 

at least one subscriber station operable to transmit data at a plurality of different data rates, 
the subscriber station further operable to transmit a message indicating an incident of foldback in 
the subscriber station; and 

a base station operable, upon receiving the message, to reduce the data rate for the 
1 subscriber station. 

The present invention provides a system and method of determining and maintaining at a 
base station an estimate of the maximum available uplink transmit power of a subscriber station, 
where the subscriber station reports incidents of foldback in its radio to the base station. When the 
base station receives the report, it reduces the estimate of the maximum available uplink transmit 
5 power of the subscriber station to prevent channel errors. Typically, the base station will also 
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reduce the data rate for the subscriber station. After a period of time lapses without any reports of 
foldback occurring at the subscriber station, the base station increases the estimate of the maximum 
available uplink transmit power of the subscriber station. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

A present embodiment of the present invention will now be described, by way of example 
only, with reference to the attached Figures, wherein: 

Figure 1 is a schematic representation of a wireless network, in accordance with an 
10 embodiment of the invention, comprising a base station and a plurality of subscriber stations; 

Figure 2 is a representation of a communications link as shown in Figure 1, comprised of 
channels having different capacities; 

Figure 3 is a schematic representation of the base station shown in Figure 1; 

Figure 4 is a schematic representation of one of the subscriber stations shown in Figure 1; 
1 5 Figure 5 is a representation of event messages transmitted between subscriber stations and a 

base station over the communications link shown in Figure 2; and 

Figure 6 is a flowchart showing how the base station determines an uplink transmit power 
margin for a subscriber station. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Referring now to Figure 1, a wireless network for transmitting data is indicated generally at 
20. Network 20 includes a radio base station 24 and a plurality of subscriber stations 28a, 28b . . . 
28n. In a presently preferred embodiment, radio base station 24 is connected to at least one data 
25 telecommunications network (not shown), such as a land line-based switched data network, a 

packet network, etc., by &n appropriate gateway and one or more backhauls (not shown), such as a 
Tl, T3, El, E3, OC3 or other suitable land line link, or a satellite or other radio or microwave 
channel link or any other link suitable for operation as a backhaul as will occur to those of skill in 
the art. 
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Base station 24 communicates with subscriber stations 28 which, in a present embodiment 
of the invention, are installed at subscriber premises, as is common in a wireless local loop (WLL) 
system but could also be nomadic or mobile stations as will be apparent The number 'n* of 
subscriber stations serviced by a base station 24 can vary depending upon a variety of factors, 
5 including the amount of radio bandwidth available and/or the configuration and requirements of the 
subscriber stations 28. 

As illustrated in Figure 1, the geographic distribution of subscriber stations 28 with respect 
to base station 24 need not be symmetric nor will subscriber stations 28 which are physically 
located close to one another necessarily experience the same or similar reception qualities due to a 
10 variety of factors including the geographic environment (the presence or absence of buildings 
which can reflect or mask signals), the radio environment (the presence or absence of radio noise 
sources), etc. and inherent radio propagation properties, such as Rayleigh fading, etc. Thus, in most 
circumstances individual subscriber stations 28 served by a base station 24 will have significantly 
different reception and transmission qualities from other subscriber stations 28 served by base 
1 5 station 24 and these qualities will change over time. 

As known to those of skill in the art, subscriber stations 28 can be geographically 
divided into different radio sectors formed via beam forming antennas at base station 24 to increase 
the number of subscriber station 28 that can be served from a single base station location, hi such a 
case, each sector essentially acts as a different base station and base station 24 can manage the 
20 network resources in each sector independent of each other sector. While Figure 1 shows only one 
base station 24 with a single sector, it will further be apparent to those of skill in the art that 
network 20 can contain multiple, geographically distributed base stations 24, with overlapping 
sector coverage of subscriber stations 28, and where each subscriber station 28 in an overlapping 
sector coverage area can select which base station 24, or base stations, it will be served by. 
25 A communication link 32 is established between base station 24 and each subscriber 

station 28 via radio. Communication link 32a carries information to be transferred between base 
station 24 and subscriber station 28a, communication link 32b carries information to be transferred 
between base station 24 and subscriber stations 28b, etc. Communication links 32 can be 
implemented using a variety of multiple access techniques, including TDMA, FDMA, CDMA or 
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hybrid systems such as GSM, etc. to obtain links 32a, 32b, etc. to respective subscriber stations 28a, 
28b, etc. In a present embodiment, data transmitted over communication link 32 is transmitted 
using CDMA as a multiple access technology and the data is in the form of packets, encapsulated 
. within slotted time frames. 
5 As used herein, the terms "package", "packaged" and "packaging" refer to the overall 

arrangement of the transmission of the data for its reception at an intended destination receiver. 
Packaging of data can include, without limitation, applying different levels of forward error 
correcting (FEC) codes (from no coding to high levels of coding and/or different coding methods), 
employing various levels of symbol repetition, employing different modulation schemes (QPSK, 4- 
10 QAM, 16-QAM, 64-QAM, etc.) and any other techniques or methods for arranging data 

transmission with a selection of the amount of radio (or other physical layer) resources required for 
the data rate and the probability of transmission errors which are appropriate for the transmission. 
For example, data can be packaged with rate 1/4 FEC coding (each ldata bit is transmitted in 4 bits 
of information) and 16-QAM modulation for transmission to a first intended receiver and packaged 
1 5 with rate 1/2 FEC coding and 64-QAM modulation for transmission to a second intended receiver, 
which has a better reception-quality than the first. 

Communications link 32 operates in both an uplink (from a subscriber station 28 to base 
station 24) and a downlink direction (from base station 24 to subscriber stations 28). The method of 
providing both uplink and downlink direction is not particularly limited, and in the present 
20 embodiment communications link 32 operates by frequency division duplexing (FDD). However, 
other methods of providing both an uplink and downlink direction, such as time division duplexing 
(TDD) and hybrids thereof are within the scope of the invention. 

Referring now to Figure 2, communications link 32 is comprised of a plurality of channels 
that can be downlink channels, uplink channels or bi-directional channels. In the present CDMA 
25 implementation, channelization of the downlink of communications link 32 is achieved with 

orthogonal coding of link 32. In the current embodiment, dedicated data channels (DDCHs) 36 are 
used as an uplink from subscriber stations 28 to base station 24 and are used to carry latency- 
sensitive traffic in the downlink from base station 24 to subscriber stations 28. A broadcast data 
channel, not shown, can also be employed in the downlink direction to transmit data that is less 
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latency sensitive. DDCHs 36 can be appropriately sized, in both the uplink and downlink 
directions, to provide a variety of data rates over varying reception qualities experienced at a 
subscriber station 28, as needed. For example, DDCH 36a between base station 24 and subscriber 
station 28a can be sized to provide a higher data rate than DDCH 36b between base station 24 and 

5 subscriber station 28b. 

Figure 3 shows an example of a base station 24 in greater detail. For the sake of clarity, 
Figure 3 shows an example of a single sector base station 24. However, as described above, multi- 
sector base stations 24 are also within the scope of the invention. Base station 24 comprises an 
antenna 40, or antennas, for receiving and transmitting radio-communications over communication 

10 communications link 32. Antenna 40 is connected to a radio 44 and a modem 48. Modem 48 is 
connected to a microprocessor-router assembly 52 such as a Pentium IH processor system 
manufactured by INTEL. 

Microprocessor-router assembly 52 is responsible for radio resource management of all 
subscriber stations 28 within its sector 36. It will be understood that assembly 52 can include 

1 5 multiple microprocessors, as desired and/or that the router can be provided as a separate unit, if 
desired. The router within microprocessor-router assembly 52 is connected to a backhaul 56 in any 
suitable manner, which in turn connects base station 24 to a data telecommunications network (not 
shown). 

Referring now to Figure 4, an example of a subscriber station 28 is shown in greater detail. 

20 Subscriber station 28 comprises an antenna 60, or antennas, for receiving and transmitting radio- 
communications over communication communications link 32. Antenna 60 is connected to a radio 
64 and a modem 68, which in turn is connected to a microprocessor-assembly 72. Radio 64 
includes a power amplifier 76, operable to provide the desired uplink transmit power. Power 
amplifier 76 includes foldback circuitry 80 that monitors a current in power amplifier 76 indicative 

25 of the actual uplink transmit power provided to antenna 60, referred to hereinafter as the 

"monitored current". Foldback circuitry 80 operates to limit the monitored current to prevent power 
amplifier 76 from being driven over specification and/or outside regulatory limits. When foldback 
circuitry 80 operates to limit the monitored current, power amplifier 76 is referred to as being in a 
foldback condition. A foldback condition indicates that subscriber station 28 is at its maximum 
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uplink transmit power and, as such, has no available uplink transmit power. 

Microprocessor-assembly 72 can include, for example, a StrongARM or Xscale processor 
manufactured by Intel, that performs a variety of functions, including implementing A/D-P/A 
conversion, filters, encoders, decoders, data compressors, de-compressors and/or packet 

5 assembly/disassembly. Microprocessor-assembly 72 interconnects modem 68 with a data port 84, 
for connecting subscriber station 28 to a data client device (not shown), such as a personal 
computer, personal digital assistant or the like which is operable to use data received over 
communication communications link 32. Accordingly, microprocessor-assembly 72 is operable to 
process data between data port 84 and modem 68. Microprocessor-assembly 72 is also 

1 0 interconnected to at least one telephony port 88, for connecting subscriber station 28 to a telephony 
device (not shown) such as a telephone or facsimile machine. 

A problem with prior art systems is that the base station's estimate of a subscriber station's 
available uplink transmit power is often inaccurate. As described earlier, temperature variations and 
a lack of sufficient calibration in a subscriber station's power amplifier will cause the power 

1 5 amplifier to potentially produce a different uplink transmit power than what is being reported. If a 
subscriber station has less available uplink transmit power than is estimated by the base station, the 
base station could instruct that subscriber station to move to a higher data rate (for example, by 
changing its modulation scheme from 32-QAM to 16-QAM) than the subscriber station could 
currently achieve. Foldback circuitry would prevent the subscriber station from being overdriven to 

20 achieve the desired data rate, resulting in transmission errors. Alternatively, a subscriber station 
could have more available uplink transmit power than is estimated by the base station. In this 
situation, the base station will not allow a subscriber station to achieve its highest possible data rate. 

In contrast to the prior art, in the present invention, as part of its regular operations, each 
subscriber station 28 tracks incidents of foldback to provide a more accurate estimate to base 

25 station 24. Referring now to Figure 5, each subscriber station 28 maintains a foldback record 100, 
which is stored on microprocessor-assembly 72. Each time foldback occurs foldback record 100 is 
updated. The information stored in foldback record 100 is not particularly limited and can include 
foldback information such as the number of consecutive frames in which foldback has occurred or 
the percentage of frames over a period of time in which foldback has occurred or both. Other 
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foldback-related information that may be usefully stored in foldback record 100 will occur to those 
of skill in the art. 

Within network 20, the allocation of radio resources is controlled by a radio resource 
allocation manager (RRAM) 104 which runs on microprocessor-assembly 52 of base station 24 or 
on any other appropriate computing resource within network 20. RRAM 104 is responsible for 
assigning and unassigning DDCHs 36 and for adjusting data rates in both the uplink and the 
downlink. The data rate assigned to a DDCH 36 can change over the course of its duration, based 
on the demands from subscriber station 28 and the amount of available resources within network 
20. RRAM 104 tracks the date rates and other known operating values for each subscriber station 
28 in a subscriber station record 108. For example, each subscriber station record 108 also stores 
both the maximum uplink transmit power (Pmox)> and the current average uplink transmit power 
(PAve) of the subscriber station, as reported by subscriber station 28 to base station 24. Subscriber 
station record 108 also maintains a uplink transmit power margin (&) for each subscriber station 
28 which is used in an attempt to correct for calibration and temperature-related variations in the 
maximum uplink transmit power. The uplink transmit power margin will be described in further 
detail below. 

As part of its regular operations, subscriber station 28 transmits different kinds of messages 
to base station 24. These messages can be transmitted over DDCH 40 or over another channel if a 
DDCH 40 is not currently established between subscriber station 28 and base station 24. 

One type of message transmitted periodically from each operating subscriber station 28 to 
base station 24 is a measurement report 1 12. Measurement reports 1 12 can include, among other 
things the received signal strength from base station 24 experienced at a subscriber station 28 and 
the P Ave for the subscriber station 28. Upon receiving a measurement report 1 12, RRAM 104 
updates the values it has stored for the subscriber station 28 in a subscriber station record 108. 

Another message transmitted from subscriber station 28 to base station 24 is a rate increase 
request 1 16. In the current embodiment, subscriber station 28 transmits a rate increase request 116 
whenever it has a queue of data to be transmitted which has exceeds a preselected value, or in other 
words, data to be transmitted is being enqueued at some rate faster than the data is being 
transmitted. In response, RRAM 104 will determine whether or not it can move subscriber station 
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28 to a higher data rate by increasing the size of DDCH 40. RRAM 104 calculates the amount of 
available uplink transmit power {AP Avattable ) for a subscriber station 28. If there is insufficient 
£P Available, then RRAM 104 will not able to increase the size of DDCH 40 and cannot admit 
subscriber station 28 to the higher data rate. As will be apparent to those of skill in the art, available 
5 uplink transmit power is only one criterion in attempting to admit subscriber station 28 to a higher 
uplink data rate, and other factors are also considered. Other such factors can include the 
management of total sector interference, Quality of Service (QoS) concerns, and other hardware 
limitations. 

In the current embodiment, RRAM 104 determines available uplink transmit power using 
10 the following formula: 

AP Available^ Max'P Ave 

where AP Available indicates the amount of available uplink transmit power for a subscriber 
station, P Max indicates the maximum uplink transmit power of subscriber station 28 and PA ve 
indicates the average uplink transmit power, as reported by subscriber station 28 and stored in 
1 5 subscriber station record 1 04. 

As described earlier, the P Max of a subscriber station can vary considerably due to a lack of 
calibration and environmental variations. As such, an uplink transmit power margin {Sh) is applied 
so that power amplifier 76 is not driven out of its intended operating range. RRAM 104 determines 
the Pmox of subscriber station 28 as follows: 

PMax-PsSmax + Sh 

20 where Pssnm indicates a predetermined maximum uplink transmit power for all subscriber 

stations 28. Pssmax is be the lower of the maximum rated power output of power amplifier 76 and a 
maximum rated power output set by regulators. In the present embodiment, Pssmax is defined as 25 
dBm. Vindicates the current uplink transmit power margin applied to subscriber station 28. In a 
present embodiment, Sh can range from a minimum of -3 dBm to a maximum of 6 dBm. Thus a 

25 subscriber station 28 with a predetermined Pssmax of 25 dBm having the maximum Sh would be 
considered to have a P Ma x of 3 1 dBm for the purpose of determining AP Available* How RRAM 104 
determines Sh is described in greater detail below. 

Another message transmitted from subscriber station 28 to base station 24 is a foldback 
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event message 1 20. As described earlier, subscriber stations 28 track when power amplifier 76 is in 
a tbldback condition. When the foldback value or values stored in foldback record 108 reach a 
predetermined threshold, a foidb.uk event message 120 reporting an incident of ibldback is 
transmitted to base station 24. This predetermined threshold can be adjusted by a network operator 
to account for different local network conditions and for different types of foldback. For example a 
foldback event message 120 could be sent when foldbaok record 108 holds a value indicating that 
25 or more consecutive Irames have been subject to foldback. Another example would be if 
tbldback record 108 holds a value, indicating that at least 10% of all Irames transmitted over a 
predefined period of time have been subject to foldback. 

Referring now to Figure 6, a method of determining at base station 24 the uplink transmit 
power margin (« y > for a subscriber station 28 is shown beginning at step 200. The method of 
determining 8,, is a method that runs continuously within RRAM 1 04 for each subscriber station 28 
■served by base station 24. At step 200 ? the method commences with RRAM 104 initializing its 
subscriber station. records 1 04, including the value for * In the current embodiment, S H starts at a 
predetermined maximum value, such as 0 dBm. Using the initial value of 8 H , RRAM 104 is able to 
determine the derived value of P„ M using the formula described above. Step 200 occurs upon 
power-up of base station 24 or whenever a new subscriber station 28 joins network 20 and is to be 
serviced by base station 24. 

At step 204, RRAM 104 checks to see if it receives a foldback event message 120 from 
subscriber station 28. If a foldback event messages 120 is received, the method advances to step 
208. Otherwise the method advances to step 21 2. 

At step 20S, in response to the receipt of the foldback event message 120, RRAM 104 
decreases the uplink transmit power margin (<?„) value stored lor that subscriber station 28 ' 
Provided that the value of & is greater than the above-mentioned minimum value for S„, the stored 
value of S U is reduced by a predetermined amount. In the current embodiment, this predetermined 
amount is 1 dBm. After reducing the value of * A RRAM 104 determines the revised value of /W 
The method then returns lo step 204. 

. If at step 204, uo foldback event message 120 has been received, then at step 212, RRAM 
104 determines whether a predetermined interval has lapsed at subscriber station 28 without anv 
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foldback event messages 120 being received. In a present embodiment, this predetermined interval 
is 30 minutes, although other predetermined intervals can be employed, as appropriate. If the 
predetermined interval has lapsed without any foldback event messages 120 being received then the 
method advances to step 216. Otherwise, the method returns to step 204. 

At step 21 6, if the uplink transmit power margin (<&) for subscriber station 28 is less than 
its maximum, value (6 dBm in a present embodiment), then base station 24 increases S H for that 
subscriber station 28 by a fixed amount (1 dBm in a present embodiment). After increasing the 
value of 8h> RRAM 104 determines the revised value ofP Max Once the uplink transmit power 
margin Sh has been increased, the method returns to step 204. 

While the above method contemplates adjusting Sh by a predetermined increment of power, 
such as 1 dBm, the uplink transmit power margin can be adjusted in different increments. For 
example, if foldback event messages 120 are transmitted frequently (say, once a minute), then 
RRAM 104 could reduce & by a larger increment, e.g. 2 dBm. Conversely, if foldback event 
messages 120 are being transmitted relatively infrequently (say, once every ten minutes), then 
RRAM 104 could reduce <5frby a smaller increment, such as 0.5 dBm. Alternatively, subscriber 
station 28 can indicate the intensity of the foldback in foldback event message 120. hi this case, 
RRAM 104 could reduce &by an amount proportional to the intensity of the foldback condition in 
subscriber station 28. 

As will undoubtedly be apparent to those of skill in the art, if subscriber station 28 transmits 
a foldback event message 120 to base station 24, then subscriber station 28 is already transmitting 
at its Pmox* RRAM 104 may determine that subscriber station 28 is transmitting at a higher date than 
its Pmox can reliably support. As such, RRAM 104 may instruct subscriber station 28 to move to a 
lower data rate. It is also contemplated that subscriber station 28 could, without receiving 
instructions from base station 24, reduce its data rate on communications link 32, upon 
experiencing a foldback condition. For example, if the value in foldback record 100 indicates that 
least 15% of all frames transmitted over a predefined period of time have been subject to foldback, 
subscriber station 28 could automatically reduce its data rate on communications link 32. 
Subscriber station 28 would still send a foldback event message 120 to base station 24 so that base 
station 24 would be aware of both the foldback condition in subscriber station 28 and the changes 
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being made to communications link 32. Other variations will occur to those of skill in the art. 

By receiving foldback event messages 120 from subscriber station 28, RRAM 104 is able to 
determine a more accurate estimate of the available uplink transmit power for that subscriber 
station. Each time a foldback event message 120 is received, RRAM 100 decreases <5fr, which as a 
result decreases P Ma x as well. By decreasing the value of P M ax> RRAM 100 reduces its estimate of 
AP Available for subscriber station 28, ultimately resulting in fewer or no foldback events being 
reported. After a period of time with no foldback events being reported, RRAM 100 increases Sh 
(thereby increasing the value of P Max and the estimate of AP Available). By continuously adjusting 8 H 
both up and down, RRAM 100 is able to achieve a more reliable estimate of AP Available- This more 
reliable estimate of AP Available reduces the number of foldback events experienced by subscriber 
station 28, (thus reducing the number of link errors caused by subscriber station 28) and maximizes 
the maximum uplink transmit power available to subscriber station 28. 

The above-described embodiments of the invention are intended to be examples of the 
present invention and alterations and modifications may be effected thereto, by those of skill in the 
art, without departing from the scope of the invention which is defined solely by the claims 
appended hereto. 



